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TPBAcademic research has shown that Entrepreneurship Education (EE) increases Entrepreneurial Intention (EI).
However, this does not happen uniformly in all contexts, as specific contexts may require different EE action.
In this paper the authors investigate the context-specific questions in two separate categories of students. If con-
text is important, we should see different outcomes from similar EE classes provided to different student groups.
The authors' results suggest that there is a contextual difference. The results indicate that EE modified to suit a
particular target group could address the issue of subjective norms separately for business students and science
and engineering students. Their principal results show that EE is generally effective for business students and sci-
ence and engineering students. However, the EI of science and engineering students is actually negatively affect-
ed by subjective norms, whereas that effect is not apparent among the business student sample. The authors
suggest that future research is needed on effective didactic approaches in EE for science and engineering
students.
© 2015 Elsevier Inc. All rights reserved.1. Introduction
The importance of entrepreneurship to society has been identified
and discussed since at least the fifteenth century (Schumpeter, 1912),
and that discussion remains topical (Kirchhoff et al., 2013; Grichnik
and Harms, 2007). The questions of whether and how entrepreneurial
skills and competences can be fostered during education were posed
by Cotrugli (1990), and later followed up by Cantillon (1931). From
these historical roots, Entrepreneurship Education (EE) has evolved to
become a prominent field. This field is born of diverse disciplines,
which include economics, management, education, and technical stud-
ies (Davidsson, 2008).
The authors embrace the concept that EE is based on the realization
that successful entrepreneurship is positively affected by the disposi-
tions, skills, and competences of the founders of an enterprise (Rauch
et al., 2005; Unger et al., 2011). We suggest that these dispositions,
skills, and competences can be shaped by education (Kuratko, 2005),
and cite recentmeta-analyses (Bae et al., 2014;Martin et al., 2013) indi-
cating that EE is generally effective. We seek to enhance the knowledge
in this field by investigating the outstanding question of whatmakes EE
effective, and for whom.), r.harms@utwente.nl
er-wurm@jku.atThe question of “whatmakes EE effective” has been discussed in a liter-
ature stream on intention-based models for entrepreneurship education
(Kuehn, 2008). Kuehn (2008, p. 87) states: “If entrepreneurial intentions
precede entrepreneurial behavior, then entrepreneurship educators should
benefit from intentions-based research in entrepreneurship”. If this is so,
then EE should investigate the drivers of this Entrepreneurial Intention
(EI). Theory, and a recent meta-analytical assessment (Schlaegel and
Koenig, 2014), both suggest that the drivers of EI are attitudes, subjective
norms, and perceived behavioral control. These elements of the Theory of
Planned Behavior (TPB) also influence the effectiveness of EE (Kuratko,
2005; Gorman et al., 1997; Rauch and Hulsink, 2015).
EE research further investigates when EE can most effectively influ-
ence students' EI. We analyze two such conditions. First, we examine
the extent to which students possess the attitudes, subjective norms,
and perceived behavioral control considered prerequisites of becoming
an entrepreneur. Here we add to the literature by investigating not only
the direct effects of TPB constructs, but, in treating them as moderators
of the EE–EI relationship (Ho et al., 2014), and we also examine the re-
lationship in the context of specific fields of study.
Second, it is science and engineering students in particular whose
entrepreneurial activities create new, high-quality firms (Åstebro
et al., 2012) that ultimately contribute to job growth (Kirchhoff,
1994). Strengthening this human capital basis for technology-based en-
trepreneurship may be vital, especially for regions affected by an eco-
nomic crisis (Harms et al., 2010; Heitor et al., 2014; Fink et al., 2012).
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literature on the EE offered to science and engineering students is quite
thin. We address the call from Rauch and Hulsink (2015) for more re-
search into the specific effects of EE programs on students fromdifferent
disciplines, particularly from science and engineering disciplines. We
investigate the specific situation of students of technical sciences, as
they are the most likely to start up technology-oriented ventures. Our
analysis is relevant as it showswhich drivers in which target groups ed-
ucators can address to nurture EI.
2. Theoretical framework and hypotheses
2.1. Affecting entrepreneurial intention through entrepreneurship
education — a discussion of the literature
We refer to the definition of EI as the “self-acknowledged conviction
by a person that they intend to set up a new business venture and con-
sciously plan to do so at some point in the future” (Thompson, 2009,
p. 676). EI has become a vibrant field in entrepreneurship research
(Fayolle and Linan, 2014), as “intentions have proven the best predictor
of planned behavior, particularly when that behavior is rare, hard to ob-
serve, or involves unpredictable time lags” (Krueger et al., 2000, p. 411).
Most recently, a longitudinal study by Kautonen et al. (2015) confirmed
that EI predicts entrepreneurial action. Thus, the question of what influ-
ences EI is a relevant one for policymakers, practitioners, and educators.
Research into the role of EE in the formation of EI is based, first of all,
on TPB (Ajzen, 1991), which provides a strong theoretical foundation
(Schlaegel and Koenig, 2014; Krueger and Carsrud, 1993). It posits that
a person's future behavior is preceded by intention: the stronger a
person's intention to engage in a specific behavior, the more likely it is
that the actual behavior will be performed. Furthermore, the intention
to perform a given behavior is the result of three cognitive antecedents:
(i) attitude toward behavior; (ii) subjective norms; and (iii) perceived
behavioral control.
Second, EE is seen as a strong antecedent of EI. Two theoretical con-
cepts have been developed that support this relationship: (i) human
capital theory (Becker, 1964); and (ii) entrepreneurial self-efficacy
(Bae et al., 2014; Chen et al., 1998). Human capital theory holds that
human capital represents “the skills and knowledge that individuals ac-
quire through investments in schooling, on-the-job training, and other
types of experience” (Bae et al., 2014, p. 219–220). It is regarded as a de-
terminant of EI. A meta-analysis byMartin et al. (2013) found that EE is
associatedwith higher levels of EI. Entrepreneurial self-efficacy refers to
“the strength of a person's belief that he or she is capable of successfully
performing the various roles and tasks of entrepreneurship” (Chen et al.,
1998, p. 295). Chen (2010) found entrepreneurial self-efficacy to be a
positive moderator of the relationship between EE and EI.
Research on EI has brought together TPB and EE in various ways
(Martin et al., 2013). In earlier studies, educationwasmerely the context
in which TPB constructs and EI were evaluated (Autio et al., 2001; Liñán,
2004; Lüthje and Franke, 2003). Apart from the direct effects of EE on EI,
another group of studies assumes that the effect of EE on EI is (partially)
mediated through its effect on TPB's intervening constructs (Rauch and
Hulsink, 2015). As the direct and mediated influences of EE via TPB
have meta-analytical support, research has begun to investigate a fourth
model variant, which is that the effect of EE on EI may be moderated by
the three cognitive antecedents posited under TPB (Ho et al., 2014).
In this study we provide an integratedmodel of the relationship be-
tween EE and EI that brings together both direct and indirect effects. The
following section reports the development of the hypotheses.
2.2. Hypotheses
We begin by hypothesizing a direct impact of TPB constructs on EI,
based on the findings of previous studies (Krueger et al., 2000;
Kautonen et al., 2015; Lüthje and Franke, 2003; Kolvereid, 1996;Souitaris et al., 2007).We add to the literature by providing hypotheses
on why this impact may differ between science and engineering stu-
dents and other students.
First, the term ‘attitudes toward behavior’ refers to a person's favor-
able or unfavorable evaluation of the target behavior. Themore positive
a person's evaluation of the outcome of starting a business is (Krueger
et al., 2000; Autio et al., 1997; Pruett et al., 2009; Segal et al., 2005;
Van Gelderen and Jansen, 2008), the more favorable his or her attitude
toward that behavior should be, and consequently the stronger his or
her intention to start a business should be. Second, the term ‘subjective
norms’ relates to a person's perception of the opinions of social refer-
ence groups (such as family and friends) on whether the person should
perform a certain behavior. The better the reference group's opinion is,
the more encouragement for starting a business a person receives from
this reference group, and the higher the person's motivation to comply
with it is, the stronger the person's intention to start a business should
be. Third, the term ‘perceived behavioral control’ reflects the perceived
ease or difficulty of performing the behavior. It is based on whether the
person believes that the required resources can be obtained, and that
opportunities for performing the behavior exist (Bandura, 1986; Swan
et al., 2007). Perceived behavioral control not only predicts the forma-
tion of intentions, but also supports the prediction of actual behavior
by serving as a proxy for actual control (Ajzen, 1991).
In the context of entrepreneurship, the empirical results broadly
confirmed TPB predictions with respect to the positive relationship be-
tween attitudes toward behavior, subjective norms and perceived be-
havioral control, respectively, and EI (Krueger et al., 2000; Kautonen
et al., 2015; Lüthje and Franke, 2003; Kolvereid, 1996; Souitaris et al.,
2007). In linewith these findings, we propose the following hypothesis:
H1a. There is a positive relationship between (1) pro-entrepreneurial
attitudes, (2) subjective norms, and (3) perceived behavioral control,
and a person's EI.
The fact that recent graduates from science and engineering are pro-
viding the gross flow of new, high-quality firms—over and above those
of other academic entrepreneurs (Åstebro et al., 2012)—highlights the
importance of these students as targets of EE. Thus, the fact that thema-
jority of studies into student EI are based on business students or on un-
defined student populations (Bae et al., 2014; Martin et al., 2013),
indicates a gap in the literature arising because this student population
might differ from others with regard to entrepreneurship. This differ-
ence may be based on education content (Kuckertz and Wagner,
2010) and on social identity theory (Obschonka et al., 2012).
Business students have receivedmore education in businessmatters
than other students. This may cause aweakening of the relationship be-
tween pro-entrepreneurial attitudes, subjective norms, perceived be-
havioral control and a person's EI. Kuckertz and Wagner argue that
(Kuckertz and Wagner, 2010, p. 529): “learning about the facts of busi-
ness causes [business students] to evaluate entrepreneurial opportuni-
ties more vigorously”. This additional knowledge may not only reduce
the level of EI per se, but also the degree to which initially favorable
TPB components influence EI.
Obschonka et al. (2012) draw on social identity theory. They argue
that social identity – “the aspect of a person's self-image that is derived
from membership of social groups” (Obschonka et al., 2012, p. 137) –
influences the “cognitive processes that […] underlie the formation of
entrepreneurial intentions” (Obschonka et al., 2012, p. 137). Here,
Obschonka et al. (2012) show that the strength of group identification
can affect the relative strength of the TPB drivers of EI. We argue that
it may not only be the strength of group identification that leads to
differences in the strength of TPB drivers—between business students
and science and engineering students—but that the group differences
themselves lead to differences in the strength of TPB drivers. For exam-
ple, science and engineering students may perceive that legitimate
group behavior in their case includes the exploration of science and
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norms relating to entrepreneurship as rather negative. This perception
may lead to aweak relationship between TPB drivers and EI, particularly
in the context of high group identification.
In one of the first empirical studies into EI among science and engi-
neering students, Lüthje and Franke (2003) show that EI is significantly
related to pro-entrepreneurial attitudes. Souitaris et al. (2007) show
that EE can impact positively onpro-entrepreneurial attitudes of science
and engineering students, a finding that was later confirmed by
Kuckertz and Wagner (2010). These studies confirm the importance of
EE, and pro-entrepreneurial attitudes toward EI, for science and engi-
neering students. So, while in general the effect of TPB components
may also be applicable to business students, theoretical arguments sug-
gest that a differentiated perspectivemay bewarranted. This leads us to
propose H1b.
H1b. The degree to which pro-entrepreneurial attitudes, subjective
norms, and perceived behavioral control affect EI, differ with the type
of study.
In addition to these threemotivational drivers, EE research proposes
that there is a positive relationship between EE and EI. Robinson et al.
(1991) argue that entrepreneurial attitudes may be influenced by edu-
cators and practitioners. Dyer (1994) suggests that training in how to
start a business, or specialized courses in entrepreneurship, might give
some people the confidence that they are sufficiently in control of
their own behavior to start their own business. Similarly, Krueger and
Brazeal (1994) argue that EE increases students' knowledge, builds
their confidence, and fosters self-efficacy, which should, in turn, en-
hance their perception that entrepreneurship is a feasible option for
them. Moreover, EE shows students the intrinsic rewards involved in
starting a new business, which should increase the perceived desirabil-
ity of entrepreneurship. In research relating specifically to science and
engineering students, Souitaris et al. (2007) tested the effect of EE pro-
grams on entrepreneurial attitudes and EI, and found that science and
engineering programs increase overall EI. A recent meta-analysis of
the link between EE and EI (Bae et al., 2014) supports the positive link
between the two. Finally, EE not only promotes entrepreneurial behav-
ior, but also intrapreneurial behavior (Bjornali and Støren, 2012). Thus,
we propose the following hypothesis:
H2a. The higher the extent of EE, the stronger the person's EI.
The strength of the impact of EE may differ between business stu-
dents and science and engineering students. This study highlights two
competing lines of arguments. On the one hand, the impact of EE on EI
may be greater for science and engineering students than for students
in other disciplines. Education might have a diminishing rate of return.
It may be most effective in changing intentions when the initial level of
EE is low. That might well be the case for science and engineering
students, who often learn about entrepreneurship and business in detail
for the first time via EE. By contrast, the incremental effects of EE
on business students may be low. The findings of Frederick and
Walberg (1980) indicate that the time spent on instruction may have
a diminishing rate of return.
On the other hand, Walberg and Tsai (1983) argue (referencing
Simon (1979)) that prior experience of a subject allows a person to ac-
quire and process new knowledge more efficiently than those with less
exposure to the subject. Hence, science and engineering students may
have a different mental framework from that which is suited to quickly
process information on entrepreneurship. This may make EE more ef-
fective for business students.
H2b. The degree to which EE affects a person's EI is affected by the type
of study.
We now look at themoderating effects EE has on the three cognitive
antecedents of EI. EE affects how students evaluate the consequences ofentrepreneurship. According to Prospect Theory (Kahneman and
Tversky, 1979), a certain gain is valued more highly than an uncertain
equal or greater gain. Similarly, people will assess a certain loss to be
more damaging than an uncertain equal or greater loss. Logically, the
gains and losses induced by the same stimulus (e.g., starting a business)
will be evaluated against the background of a future without that
stimulus.
This expectation bias has three effects on the impact of EE on stu-
dents' EI. First, as EE typically frames entrepreneurship positively in
terms of gains compared against other career options, it will strengthen
students' positive attitudes rather than any negative ones and therefore
enhance the positive impact of attitudes on EI. As the effects proposed
by Prospect Theory are expected to hold generally, we do not propose
a differentiated set of hypotheses for business students and science
and engineering students. We propose the following hypothesis:
H3a. The higher the extent of EE, the stronger the positive impact of at-
titudes on EI.
Second, the more students know about entrepreneurship, the clear-
er will be their expectations of how entrepreneurship will influence
their lives, which in turnwillmake their decisions less reliant on the en-
trepreneurship opinions of their social reference groups (Kautonen
et al., 2015).
H3b. The greater the extent of EE, the weaker the positive impact of
subjective norms on EI.
Third, EE aims to help students develop the skills and competences
to seize entrepreneurial opportunities. Thus, as students receive more
EE, they should become more confident in their ability to create and
evaluate entrepreneurial opportunities, and in their ability to secure
the resources required to seize them. This leads to potential entrepre-
neurship gains becomingmore likely, while at the same time the losses
arising from the risk involved in entrepreneurial activity become less
likely. We propose the following hypothesis:
H3c. The greater the extent of EE, the weaker the positive impact of
perceived behavioral control on EI.
Fig. 1 illustrates the hypothesized relationships.3. Method
3.1. Data collection and description of the sample
The data from this study are derived from the 2011 Austrian study
(Kailer et al., 2012) of the GUESSS project [Global University Entrepre-
neurial Spirit Students' Survey] (Sieger et al., 2011). The data for the on-
line surveywere provided byAustrian students at 23 institutes of higher
education, with the express support of their senior faculty. The survey
attracted 4548 responses, representing a response rate of 4.3%. The allo-
cation byfield of study, aswell as by the level of study, shows a distribu-
tion approximating to the Austrian student population.
When an empirical analysis is based on cross-sectional data collect-
ed with just one method (Lindell and Karagozoglu, 1997), and with the
key variables captured as self-reported continuous values (Harrison
et al., 1996) the threat of common method bias (CMB) cannot be
discounted. CMB refers to false conclusions that result from “variance
that is attributable to the measurement method rather than to the con-
structs the measures represent” (Podsakoff et al., 2003, p. 879,Williams
and Brown, 1994). If methodical triangulation is impossible, Podsakoff
et al. (2003) suggest a variety of measures to identify and correct
CMB. However, according to Spector (2006) and Richardson et al.
(2009), the suggestedmeasures to protect studies from CMB are unreli-
able and often misleading. Thus, this study focuses on strategies that
help to avoid CMB in the first place. To reduce evaluation apprehension,
we assured that their input would be anonymous (Podsakoff et al.,
Fig. 1. Research model.
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naire (Chang, 2010).
The authors took severalmeasures to avoid nonresponse bias (NRB),
including carefully designing the questionnaire, managing its length,
and establishing the importance of the survey (Yu and Cooper, 1983).
However, since NRB cannot be ruled out in view of the achieved return
rate, we employed archival and wave analysis (Rogelberg and Stanton,
2007). The first approach helps to verify whether external factors
prevented the recipient from returning the completed questionnaire
on time (passive NRB), by comparing the characteristics of the sample
with the characteristics of the population (Rogelberg and Stanton,
2007). The second approach looks for active NRB resulting from the
recipient's conscious decision not to respond, by comparing early and
late responses (Rogelberg et al., 2003). Neither of the tests suggests
that NRB is an issue in this dataset.
3.2. Operationalization and method of analysis
Entrepreneurial Intention, as our dependent variable, was measured
with a 7-point Likert scale, anchoredwith I never thought about founding
(1), and I have already started on the realization (7). Conceptually and
empirically, the measure is based on the entrepreneurial ladder (van
der Zwan et al., 2012). The subsequent analysis excluded responses at
the far end of the realization scale (number 7 on the Likert scale) in
order to exclude actual founders of enterprises (Thompson, 2009).
Attitudewas based on Ajzen (1991), and measures the respondent's
attitude toward entrepreneurship. The measure used was a 7-point, 4-
item scale whose single factor explains 81.79% of variance. It has a
Cronbach's alpha (α) of .925.
Themeasurement of subjective norms used a 7-point scale to capture
opinions on the respondent starting a business, from family, friends, and
people generally important to the respondent (Kolvereid, 1996). The
higher the value, themore positive was the subjective norm supporting
entrepreneurship. Its single factor explains 74.14% of variance. It has a
Cronbach's α of .821.
Perceived behavioral control was measured in accordance with the
construct of the locus of control scale by Levenson (1973). The study
adopts 8-item, 7-point scale aggregated to a formative construct.
While perceived behavioral control focuses on a more specific behavior
(in this case a startup), the locus of control reflects a more general view
on whether a person can actively influence his or her life. The locus ofcontrol is less suitable for predicting a specific behavior (Ajzen, 1991),
but was part of the dataset.
Entrepreneurial educationwasmeasured by the number of entrepre-
neurship courses that each student had taken; examples included Busi-
ness Planning, Creativity, Entrepreneurial Marketing, and others. To
differentiate education tracks, we used the self-reported study speciali-
zation. Specifically, we compared students from technical disciplines
(engineering and natural sciences) with students from business studies
(business administration and economics). As control variableswe chose
age and gender.
The descriptive statistics suggest that there are few differences be-
tween science and engineering students and business students. A key
difference is that science and engineering students have a higher degree
of EE (Table 1).
The chosenmethod of analysiswas ordered logistic regression, as the
dependent variablewas highly skewed. Group 1 contains those that had
never considered an entrepreneurial career, and group 2 contains those
who had considered entrepreneurship to at least some degree. Within
the ordered logistic regression we took a stepwise approach, in that
we first entered the controls, then the direct relationship that reflects
the impact of the TPB components, and finally the moderators. Moder-
ation is assessed with a two-way interaction of centered variables.
These stepwise analyses were carried out twice, once for science and
engineering students, and once for business students.
4. Findings
The results of the analysis are summarized in Table 2. The R2 values
and the percentage of correctly classified cases indicate a good overall
model fit. The increase in R2 and the percentage of correctly classified
cases from step one to step two, and finally to step three, indicate that
each step contributed to explaining EI.
The control variables suggest that older students have a higher de-
gree of EI. Female students, however, have a lower degree of EI. These
findings show that the inclusion of the controls was warranted.
Pro-entrepreneurial attitudes are in all cases positively related to EI.
This is in line with previous findings. Subjective norms are negatively
related to EI for science and engineering students, and significant for
the whole group. This finding contrasts with previous findings. Per-
ceived behavioral control is positively related to EI for the full sample,
but there is no significant relation for science and engineering students,
Table 1
Operationalization.
Full sample Science and
engineering
students
Business
students
Diff.
FL Mean SD Mean SD Mean SD
Control variables
Age 28.45 1.43 28.01 5.02 27.99 5.73
Gender (0= male; 1= female) 0.64 .48 .30 .46 .60 .49 ***
Independent variables
Attitude (Cronbach's alpha = .925; % var. expl.: 81.79%)
Being an entrepreneur suggests more advantages than disadvantages to me. .831 3.98 1.58 4.16 1.47 4.28 1.56
A career as entrepreneur is attractive for me. .936 4.08 1.85 4.39 1.69 4.53 1.81 #
If I had the opportunity and resources, I would become an entrepreneur. .919 4.40 1.92 4.67 1.77 4.82 1.85
Being an entrepreneur would bring me great satisfaction. .927 3.83 1.90 4.00 1.83 4.33 1.86 **
Subjective norms (Cronbach's alpha = .884; % var. expl.: 81.75%)
If I became an entrepreneur, my … would react:
Parents and other family members .832 5.26 1.36 5.39 1.30 5.42 1.34
Friends and other students .880 5.39 1.19 5.51 1.11 5.57 1.12
Other persons important to me .864 5.40 1.18 5.46 1.12 5.56 1.13 #
Perceived behavioral control (formative)
When I get what I want, it is usually because I am lucky. (r) 4.78 1.45 4.09 1.42 4.87 1.41
I have often found that what will be, will be. (r) 3.40 1.54 3.51 1.54 3.40 1.52
It is not always wise for me to plan too far ahead because many things turn out to be a matter of good or bad fortune. (r) 4.78 1.57 4.80 1.54 4.82 1.46
My life is chiefly controlled by powerful others. (r) 5.59 1.42 5.56 1.47 5.65 1.35
I feel like what happens in my life is mostly determined by powerful people. (r) 5.77 1.38 5.75 1.42 5.75 1.34
In order to make my plans work, I make sure that they fit in with the desires of people who have power over me. 5.81 1.37 5.70 1.45 5.76 1.35
I am usually able to protect my personal interests. 5.24 1.19 5.34 1.20 5.30 1.13
I can pretty much determine what will happen in my life. 5.77 1.18 5.75 1.24 5.82 1.13
Moderator variables
Entrepreneurship Education (single item) 1.33 2.43 1.33 2.30 0.95 1.68 ***
Dependent variable
Entrepreneurial Intention (single item)
Please indicate if and how seriously you have thought about founding your own company. 1.66 1.56 1.87 1.63 1.82 1.51
(r) recoded; FL: factor loading; SD: standard deviation.
⁎ p b .05.
⁎⁎ p b .01.
# p b .1.
Table 3
Results of the moderated regression.
Full sample
n = 3581
Science and
engineering
students
n = 635
Business
students
n = 859
B Sig B Sig B Sig
Step 1
Constant −.707 .000 −.385 .465 −.098 .805
Age .037 .000 .029 .117 .028 .038
176 D. Maresch et al. / Technological Forecasting & Social Change 104 (2016) 172–179or for business students. This gives partial support for H1a and support
for H1b.
We find significant positive relations between EE and EI for all
groups. This lends support to H2a. The coefficient for the business stu-
dent sample is larger than the coefficient for the other groups. This find-
ing supports H2b.
Only one finding is significant with regard to the moderated rela-
tionship between EE and TPB components: the greater the extent of
EE, the weaker the positive impact of subjective norms on EI. This
lends support to hypothesis H3b (Table 3).Gender −.482 .000 −.527 .007 −.758 .000
C&S-R2; Nagelk. R2; % corr. class. .029; .039;
58.4%
.020; .027;
59.4%
.042; .056;
60.1%
Step 2
Constant −.1.474 .000 −.971 .108 −1.517 .002
Age .049 .000 .035 .091 .057 .001
Gender −.331 .000 −.206 .352 −.739 .000
Attitudes .223 .000 .209 .000 .232 .000
Subjective norms .105 .487 −.335 .009 .084 .4235. Discussion and conclusion
The goal of this study was to analyze two sets of conditions under
which EE may be most effective for enhancing EI. We analyzed the
role of motivational drivers and type of prior education. We found gen-
eral support for a positive effect of EE on EI. Further, we found mixedTable 2
Correlations.
(1) (2) (3) (4) (5) (6)
(1) Age
(2) Gender −.144⁎⁎
(3) Attitudes .027# −.172⁎⁎
(4) Subj. norms −.094⁎⁎ −.011 .490⁎⁎
(5) PBC .074⁎⁎ −.069⁎⁎ .051⁎⁎ .092⁎⁎
(6) EE −.022 .031⁎ .023 .017 −.013
(7) EI .124⁎⁎ −.136⁎⁎ .517⁎⁎ .252⁎⁎ .086⁎⁎ .080⁎⁎
⁎⁎ p b .01.
⁎ p b .05.
# p b .1.
Perceived behavioral control .013 .011 −.001 .959 .000 .002
C&S-R2; Nagelk. R2; % corr. class. .281; .374;
74.2%
.199; .267;
70.2%
.291; .390;
75.2%
Step 3
Constant −1.480 .000 −.864 .154 −1.421 .004
Age .050 .000 .032 .125 .055 .001
Gender −.351 .000 −.268 .233 −.759 .000
Attitudes .225 .000 .210 .000 .234 .000
Subjective norms .104 .035 −.322 .012 .058 .590
Perceived behavioral control .014 .014 −.003 .839 .000 .997
EE .098 .000 .091 .048 .124 .024
EE ∗ Attitudes .000 .936 −.006 .527 .008 .459
EE ∗ Subj. norms .001 .958 .058 .281 −.131 .047
EE ∗ PBC .001 .502 .006 .324 .000 .968
C&S-R2; Nagelk. R2; % corr. class. .287; .382;
75.1%
.209; .280;
70.4%
.299; .400;
76.5%
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drivers and type of prior education.
EE seems to positively affect EI when controlled for age, gender, and
motivational drivers. This finding is in line with theory and previous
findings (Souitaris et al., 2007; Kolvereid and Moen, 1997), and under-
scores the importance of EE for educators and policy makers seeking
to enhance EI. We note two issues, as follows.
First, the coefficients for EE—while positive and significant in all
cases—are rather low. This may indicate that the didactics of EE could
be improved. The search for themost effective didactic forms for EE is on-
going. The current situation is marked by little consensus on the type of
didactics necessary to deliver the most effective EE (Martin et al., 2013),
and by new emerging forms of EE (Xanthopoulou and Papagiannidis,
2012; Harms, 2015). Second, ourfindings indicate that business students
may profitmore fromEE, as indicated by the larger coefficient. This lends
support to the “Matthew effect” thesis in EE (Walberg and Tsai, 1983).
This thesis postulates a positive impact of prior educational background,
current education, and motivation on academic achievements. Students
who have previously received a business education are therefore more
likely to acquire and process knowledge related to entrepreneurship.
If it is recent engineering graduates whose entrepreneurial activities
create new, high-quality firms (Åstebro et al., 2012), then our findings
give cause for concern.While the level of EE for science and engineering
students is significantly higher than for business students, in absolute
terms it is still quite low. It also seems that current EE is less effective
in raising their level of EI, potentially based on the “Matthew effect” in
education. As extending the time commitment for EE is not often an op-
tion, we suggest that educators should investigate whether they can
create EE didactics that tap into the cognitive schemata of science and
engineering students. One promising contender may be the Lean-
Startup based classes (Harms, 2015; Harms et al., 2015), as this didactic
approach draws heavily on the empirical circle (Ries, 2011) that all sci-
ence and engineering students should be familiar with. The same ap-
proach also builds on the design approach that science and
engineering students ought to be familiar with (Mueller and Thoring,
2012).
The effectiveness of EE does not seem to be affected bymost TPB as-
pects, as we only find onemoderating relationship. Hence, we find that
EE is also effective for studentswith a TPB set that is initially unfavorable
to EI. This is in line with the findings of Rauch and Hulsink (2015), who
showed that EEmay change TPB aspects in the course of education, as it
positively affects attitudes and perceived behavioral control. However,
we did not learn much about the conditions under which EE is more ef-
fective. Bae et al. (2014) examined other likely moderators of the EE–EI
relationship—such as the specificity of the education, its duration, and
the gender, family background, and culture of the students—and found
that only supportive cultural contexts positively affected the EE–EI
relationship.
Onemoderation was significant: that of EE and subjective norms for
business students. We hypothesized that the greater the extent of EE,
the weaker the positive impact of subjective norms on EI would be.
We expect that the role models presented in EE education may actually
outweigh the impact of the subjective norms affecting students. This
would account for the negative coefficient.
While not central to this study, the results of the analysis of the di-
rect effects of TPB drivers warrant discussion. While the positive rela-
tionship between pro-entrepreneurial attitudes and EI was expected,
three findings stand out. First, the negative impact of subjective norms
on the EI of science and engineering students warrants explanation.
The more strongly their peers value entrepreneurship, the more deter-
minedly science and engineering students reject entrepreneurship.
The phenomenon might be explained by social identity theory
(Obschonka et al., 2012), and by the notion that science and engineering
students construct a social identity for themselves that is science-driven
and not necessarily entrepreneurial (Jungert, 2013). Group members
can react defensively to threats to their social identity (Branscombeet al., 1999) in that they resist “perceived group differences in values,
beliefs, and attitudes” (de Hoog, 2013, p. 362). Hence, science and engi-
neering students may react adversely to social pressure in favor of en-
trepreneurialism, even when they take courses in entrepreneurship. It
follows that educators should strive to counter the threat posed by so-
cial identity, perhaps by including teaching on how entrepreneurialism
is central to the identity of science and engineering students, for exam-
ple by highlighting successful engineer-entrepreneur role models (Sun
and Lo, 2012).
Second, the missing connection between “subjective norms” and EI
for the full sample may be the source of methodological artifacts. This
might be a result of balancing the positive and negative effects of sub-
samples (e.g., science and engineering students versus business stu-
dents). Alternatively, it might be the result of a confounding effect: as
subjective norms, attitudes, and EI are positively correlated, part of the
effect of subjective norms on EI may be masked (for a similar observa-
tion see Schlaegel and Koenig, 2014). Third, the absence of the expected
impact of “perceived behavioral control” could be explained by the fact
that the items available to the research reflected a general locus of inter-
nal control, rather than a domain-specific construct. Using a more gen-
eral measure tends to reduce predictive power (Chen et al., 1998).
Domain-specific alternatives for future studies could be entrepreneurial
self-efficacy (Chen et al., 1998) or a domain-specific locus of control
scale (Schjoedt and Shaver, 2012).
The findings of this study must be viewed in light of its limitations.
First, as we use a cross-sectional design, the temporal nature of cause-
and-effect cannot be incorporated in the models. We suggest pre- and
post-test designs on the antecedents, processes, and effects of EE on EI
(Rauch and Hulsink, 2015). Second, the effectiveness of EE is highly de-
pendent on the particular didactics that are used. By pooling data from
23 universities, with an even larger variety of entrepreneurship courses,
wewere able to showageneral trend.However, the effect of particular di-
dactics on EI merits further inquiry. Third, although the tests implement-
ed did not indicate any issues arising from the response rate, it was rather
low, and we cannot completely discount the threat that the respondents
may have self-selected into the survey as well as into EE. Fourth, we need
to point out the time lag between the formation of EI and its translation
into entrepreneurial action. Although recent engineering graduates have
been shown to create high-quality new firms (Åstebro et al., 2012), the
average age of the founders is in themid-thirties. This creates a consider-
able time gap, and we have yet to see if the EI of students translates into
higher startup rates among more mature adults.
Finally, when assessing the effectiveness of EE, the intention–action
gap in entrepreneurship has to be taken into account. A recent longitu-
dinal study in the same geographic context, also relying on the theoret-
ical framework of the TPB, showed that within a one-year time frame
only about 30% of intenders took steps toward entrepreneurship
(Kautonen et al., 2015). In another study, the same authors identified
action fear, action uncertainty, and competing interests as themain bar-
riers against turning EI into entrepreneurial action (van Gelderen et al.,
2013). These volitional factors can be addressed by EE.
The findings and limitations of the current research present a num-
ber of promising opportunities for future research. While highlighting
the general effectiveness of EE, the findings also reveal the need for
didactic approaches in EE to be tailored to the specific needs of distinct
groups of students. However, educators could only develop such target-
group specific didactics in EE if they had a profound understanding of
the challenges and barriers these specific target groups face in develop-
ing EI, and also of the issues involved in translating them into entrepre-
neurial action. Progressing to that level of understandingwould require
far more research to be conducted, particularly in a form based on lon-
gitudinal studies tracking students for a considerable time beyond the
end of their formal EE. Research on entrepreneurship in later phases
of life shows that general education has a long-term impact on entre-
preneurship (Hatak et al., 2013, 2015; Harms et al., 2014). Thus, EE
might also be expected to show such long-term effects.
178 D. Maresch et al. / Technological Forecasting & Social Change 104 (2016) 172–179The results presented in this paper offer some justification for the
importance many universities attach to EE. The findings suggest that
EE is generally effective for both business students and science and en-
gineering students. However, differences between business students
and science and engineering students are evidentwith regard to the im-
pact of subjective norms on EI: while subjective norms have a negative
impact on science and engineering students' EI, this effect is not present
in the business student sample. This result implies that EE should be
target-group specific and thus address the issue of subjective norms
separately for business students and science and engineering students.
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